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(54) Apparatus and method for evaluating contamination caused by organic substances 
deposited on substrate surface 



(57) Apparatus and a method for evaluating the con- 
tamination over the surface of a substrate for use in 
manufacturing semiconductor devices, liquid crystal de- 
vices and so on, said contamination being caused by 
gaseous contaminants, for instance airborne organic 
substances or the equivalent in the clean room atmos- 
phere. For evaiuatbn, there is measured with passage 
of time in the atmosphere having a substantially con- 
stant relative humidity the surface resistivity (Rs) of the 
substrate 104 by bringing electrodes 106 into close con- 
tact with an insulating film as formed on said substrate 
surface, or a contact angle (a) of a liquid-drop 207 
dropped on the substrate 206. From this measurement, 
the degree of said contamination is judged by compar- 
ing the value of the surface resistivity or contact angle 
as measured immediately after rinsing the substrate, 
with the values of the same as measured after exposing 
the substrate to the objective atmosphere to be evalu- 
ated. 
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Description 

BACKGROUND OF THE INVENTION 
[Field of the Invention) 

The present invention relates to apparatus and a 
method for evaluating contamination over a substrate 
surtace which Is caused by organic substances depos- 
ited on thereon, said substrate being used for manufac- 
turing semiconductor devices, liquid crystal displays 
(LCD), and so forth. More partlcularty. the invention re- 
lates to apparatus and a method for evaluating contam- 
ination caused by the organic substances that are con- 
tained in the atmosphere of a clean room for manufac- 
turing semiconductor devices, LCDs, and so forth, and 
are deposited on the surface of the semiconductor sub- 
strate, the glass substrate, or the like others. 

In the following description, the contamination of 
this kind Is called 'atmosphere originated organic con- 
tamination' for simplification. Also, in the following de- 
scription, unless noted otherwise specially, an expres- 
sion 'a substrate* or 'the substrate' represents the sem- 
iconductor substrate, the glass substrate, or the like oth- 
ers. 

[Description of the Related Art] 

in the clean room for manufacturing semiconductor 
devices, LCDs, and other sophisticated products, if or- 
ganic substances contained in the clean room atmos- 
phere adhere to the insulating film surface that is formed 
on the semiconductor substrate, the glass substrate, or 
the like others, they exert a bad influence on the electric 
characteristics of the semiconductor device and LCD, 
for instance causing increase of the leakage current and 
decrease of the breakdown voltage. It might be true that 
these organic substances deposited on the substrate 
surface can be readily removed by vaiious rinsing tech- 
niques, for instance by the ultraviolet rays/ozone rinsing 
method. However, since several minutes have to be 
spent for rinsing one substrate, should it be needed to 
carry out such rinsing so often, the throughput of the 
production would be naturally reduced. Therefore, it is 
desirous to develop a simple method for quantitatively 
evaluating the atmosphere originated organic contami- 
nation. If such a evaluation method is developed and 
applied to the manufacturing process of semiconductor 
devices and LCDs, it will beconne possible to decom- 
pose and remove the organic substances deposited on 
the substrate surface by timely rinsing of the substrate 
before the atmosphere originated organic contamina- 
tion reaches such a level that causes deterioration of 
their electric characteristics. Furthermore. Jtwjii become 
also possible to reduce the number of the steps of rins- 
ing the substrate by carrying out tt only when judged 
necessary in view of the contamination level as evalu- 
ated. 



It has been known that for evaluating the clean room 
atmosphere originated organic contamination over the 
semiconductor substrate and the glass substrate, the 
quantity of the organic substances deposited on the 
5 substrate surface Is measured by using the method of 
X-ray photoelectron spectroscopy (ref rr d to as XPS 
method hereinafter). In this XPS method, a substrate for 
use in sampling the contaminants (referred to as the 
sampling substrate hereinafter) is irradiated with the soft 
^0 X-rays in the high vacuum circumstances, and the en- 
ergy and the number of photoelectrons expelled out 
from said sampling substrate by this X-ray irradiation are 
measured by the spectrometer, thereby carrying out the 
qualitative/quantitative analysis of the elements existing 
'5 on the sampling substrate surface. In the evaluation of 
the minute atmosphere originated organic contamina- 
tion quantity over the substrate surface by the XPS 
method, the evaluation result Is expressed as a ratio of 
the number of carbon atoms to the number of all the at- 
^0 orris existing within the objective regk?n to be analyzed 
which extends to the depth of several tens angstroms 
(A) from the surface, or as a ratio of the number of car- 
bon atoms to the atom number of the known elements 
existing in said objective region. 
25 Since the atmosphere originated organic contami- 
nation quantity can be measured with high precision by 
the XPS method, this method might be regarded as an 
effective means for evaluating the atmosphere that 
causes the atmosphere originated organic contamina- 
30 tton over the semiconductor substrate and the glass 
substrate. However, this method indispensably requires 
a higher vacuum system and a spectrometer, so that it 
would highly cost as a whole. 

Briefly explaining the analysis by the XPS method, 
^5 a sampling substrate with a clean surface is first pre- 
pared, and then, it is exposed to the objective atmos- 
phere to be evaluated for a predetemiined period of 
time. After this, the sampling substrate has to be trans- 
ferred to an analyzing room for analysis by an analyzer. 
40 Accordingly, In the XPS method, sampling of the con- 
taminants and analysis thereof have to be carriedout at 
separate places. In other words, the analysis by the XPS 
method can not but be a so-called off-line analysis. Es- 
pecially, if the XPS apparatus is located at a distance 
-^s from the sampling point, there can be consKiered the 
possibility that the surface of the sampling substrate 
might be contaminated while it is transferred. Namely, 
the XPS method must be excellent for the R&D purpose. 
However, in the actual manufacturing process of semi- 
50 conductor devk:es and LCDs, the atmosphere originat- 
ed organic contamination has to be continuously moni- 
tored under the condition that the sampling by the sam- 
pling substrate-and the analysis thereof can be carried 
out at an identical ptacs. Therefore, it would be said that 
ss the XPS method is not so suitable for the purpose of a 
so-called in-line analysis. 
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SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a novel and improved apparatus and a method 
for simply and economically evaluating the atmosphere 5 
originated organic contamination over the surface of the 
semiconductor substrate, the glass substrate, and the 
like others. 

Further, another object of the invention is to provide 
a novel and improved apparatus and a method which io 
are capable of judging the degree of the atmosphere 
originated organic contamination over the substrate sur- 
face at the actual site of manufacturing semiconductor 
substrates, glass substrates, and the like others, and 
are suitable for the in-line analysis of said organic con- '5 
lamination. 

Still further, another object of the invention is to re- 
duce the number of the steps of rinsing the substrate 
unnecessarily, thereby increasing the throughput of the 
manufacturing process, and at the same time, to in- 20 
crease the yiekd of manufacturing by rinsing the sub- 
strate and/or removing the organic substances con- 
tained in the atmosphere in correspondence with neces- 
sity thereof. 

According to a first aspect of the invention, there is ^5 
provided apparatus for evaluating the atmosphere orig- 
inated organic contamination over the substrate sur- 
face. This evaluation apparatus comprises a substrate 
of which at least the surface is dielectric; a surface re- 
sistivity measuring device for measuring the electric re- 30 
sjstance between at least two points on said substrate 
surface; an isolated space for accommodating said sub- 
strate: means for introducing a humidity regulated gas 
(for instance, inert gas and/or purified air) into said iso- 
lated space, said humidity regulatea gas having a sub- 3S 
stantially constant relative humidity in said isolated 
space; means for introducing the objective gas to be 
evaluated into saki isolated space; and means for eval- 
uating the atmosphere originated organic contamination 
over the substrate surface in correspondence with the '^o 
surface resistivity as measured by said surface resistiv- 
ity measuring devce. 

The surface resistivity measuring device as adopt- 
ed by this evaluation apparatus may be constituted to 
have a plurality of conductive electrodes which are 
formed so as to closely get in contact with the insulating 
surface of sakl substrate. Also, the surface resistivity 
measuring devk:e may be constituted to have a plurality 
of conductive electrodes which are movably formed so 
as to move back and forth against the insulating surface so 
of said substrate. 

Furthermore, said evaluation apparatus may be 
provided with means for generating ultraviolet rays by 
which sakj substrate accommodated in sakj isolated 
space can be irradiated, and also with means for intro- 55 
ductng a cleaning gas into said isolated space, said 
cleaning gas containing at least oxygen. 

According to a second aspect of the invention, there 



is provided a method of evaluating the atmosphere orig- 
inated organ k: contamination over the substrate sur- 
face. This evaluation method comprises th steps of in- 
troducing a humidity regulated gas (for instance, inert 
gas/purified gas) having a predetermined reiativ hu- 
midity, into an isolated space accommodating a sub- 
strate of which at least the surface is dietectrk:, and 
measuring the surface resistivity between at least two 
points on said substrate surface; introducing the objec- 
tive gas to be evaluated into said isolated space, and 
exposing said substrate to said objective gas for a pre- 
determined period of time; introducing a humidity regu- 
lated gas having the substantially same relative humki- 
ity as said predetermined relative humkiity into said iso- 
lated space, and measuring the surface resistivity be- 
tween at least two points on said substrate surface hav- 
ing been exposed to the objective gas; and evaluating 
the atmosphere originated organk: contamination over 
the substrate surface in correspondence with the 
change in the surface resistivity as measured. 

Also, the method as described above may be con- 
stituted by adding the steps of introducing into said iso- 
lated space a cleaning gas containing at least oxygen 
after finishing evaluation of the atmosphere originated 
organk: contamination, and irradiating said substrate 
surface with ultraviolet rays. Further, in the method, it 
may possible to perform the steps of purging the gas 
having existed in said isolated space during the preced- 
ing step before introducing the gas for the following step 
into said isolated space. 

The operation of the apparatus and method as con- 
stituted according to the first and second aspects of the 
invention will be described in the following. 

A substrate of which the surface is dielectric (for in- 
stance, formed of the insulating film, the ceramics, or 
the like) is set up in the isolated space. In this case, the 
organic substances have to be removed from the sub- 
strate surface in advance. Next, by the means for intro- 
ducing the humidity regulated gas, the humidity regulat- 
ed gas (for instance, inert gas and/or purified air), of 
which the relative humidity is kept at a predetermined 
value, is introduced to the isolated space, thereby the 
relative humidity in the isolated space being controlled 
to have sakj predetermined value. 

Then, a surface resistivity (Rsi) between at lea%l two 
points on said substrate surface is measured by the sur- 
face resistivity measuring devk:e. In this case." if the 
electrode (portion of said measuring devk:e is formed of 
a plurality of electrodes closely getting in contact with 
the insulating surface of the substrate, a measuring volt- 
age is directly applied to those electrodes, thereby 
measuring the^ surface resistivity (Rsi) of the substrate 
surface immediately after removing the organic sub- 
stances therefrom. In contrast to this, if the electrode 
porfion of said measuring device is formed of a plurality 
of electrodes which can move back and forth against the 
dielectric surface of the substrate, a measuring voltage 
is applied to those electrodes after bringing them into 
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close contact with said dielectric surface, thereby meas- 
uring the surlace resistivity (Rsi) of the substrate surface 
inrvnediately after removing the organic substances 
therefrom. 

After measurement of this surface resistivity (Rsi). s 
the objective gas to be evaluated is introduced into said 
isolated space by the means for introducing the objec- 
tive gas. For rntroduction of the objective gas, two ways 
are available: one is to compulsively supply the objec- 
tive gas to the isolated space by .such a gas supply 
means as an air pump, and the other is to naturally fill 
up the isolated space with the objective gas by opening 
an openable door in the atmosphere containing the ob- 
jective gas, said door being arranged on the partition 
wall for separating the isolated space from said atmos- 
phere. 

After exposing said substrate to said objective gas 
for a predetermined period of time, the isolated space 
is separated from the surrounding space, and the hu- 
midity regulated gas (for instance, inert gas and/or pu- 
rif ied air) having the substantially same relative humidity 
as said predetermined relative humidity is again intro- 
duced into said isolated space by the means for intro- 
ducing the humidity regulated gas, thereby controlling 
the relative humidity in the isolated space to make it sub- 25 
stantially same as said predetermined value. Then, the 
surface resistivity (Rsf) is measured In the same manner 
as has been done previously. As the inventors of the 
present Invention is discussing in connection with Fig. 
2 in their paper entitled 'Charge Leakage Characteris- 30 
tics of Glass Substrate for LCD' (The Institute of Elec- 
trostatics Japan, Vol. 18. No. 4. 1994, pp 364-370). the 
surface resistivity of the glass substrate contaminated 
with a certain quantity of organic substances largely de- 
pends on the relative humidity of the atmosphere to 3S 
which the substrate Is exposed during the measurement 
of its surface resistivity. Therefore, In case of putting the 
present invention into practice, it should be noted that 
the relative humidity of the humidity regulated gas which 
is used for measuring the surface resistivity (Rsf) of the 
substrate after exposure to the objective atmosphere, 
should be controlled to be substantially identical to that 
of the humidity regulated gas as used for measuring the 
surface resistivity (Rsi) of the substrate immediately af- 
ter rinsing the substrate. 

In this way, the degree of the atmosphere originated 
organic contamination over the semiconductor sub- 
strate and the glass substrate can be obtained by the 
evaluation means as a ratio of the surface resistivity 
(Rsf) of the substrate as measured after exposure to the 50 
objective gas to the surface resistivity (Rsi) of the sub- 
strate as measured immediately after rinsing the sub- 
strate. Further, if the measurement of the surface resis- 
tivity (Rsf) is repeated, it can be known how the surface 
resistivity ( Rsf) caused by the atmosphere originated or- 55 
ganic contamination changes with passage of time. Ac- 
cordingly, in this way, a period of time until the degree 
of atmosphere originated organic contamination ex- 



ceeds a certain limit. In other words, the maximum al- 
lowabl exposure time, can be known by measuring 
how much th surface resistivity as measured after ex- 
posure to the clean room atmosphere for a certain con- 
stant time is increased from that which has been meas- 
ured immediately after rinsing the substrate. 

After finishing a series of measurements of the 
change with passage of time regarding the surface re- 
sistivity, the electrodes may be left as they are, if the 
electrode portion of thesudace resistivity measuring de- 
vice is formed of a plurality of electrodes closely getting 
in contact with the insulating surface of the substrate. In 
contrast to this, if the electrode portion of said measuring 
device is fomned of a plurality of electrodes which can 
move back and forth against the dielectric surface of the 
substrate, the electrode portion is lifted up to separate 
it from the insulating surface of the substrate. After this, 
the cleaning gas containing at least oxygen is intro- 
duced into the isolated space by the means for introduc- 
ing the cleaning gas. and at the same time, the ultravi- 
olet ray generating means like the ultraviolet lamp irra- 
diates the substrate surface in order to perform the ul- 
traviolet/ozone cleaning for decomposing and removing 
the organic substances deposited on the substrate sur- 
face. The ozone gas generated in the isolated space 
during said irradiation is properly exhausted, and the 
evaluation apparatus comes to be on standby for per- 
forming the next measurement of the change with pas- 
sage of time as for the surface resistivity. 

According to the third aspect of the present inven- 
tion, there Is provided apparatus for evaluating the at- 
mosphere originated organic contamination over the 
surface substrate. This apparatus comprises a sub- 
strate; means for dropping a liquid-drop on the surface 
of the substrate (preferably, capable of dropping a liquid- 
drop on the desired point on the substrate surface); 
means for measuring the contact angle of said dropped 
liquid-drop (for instance, consisting of a light source for 
lighting the dropped liquid-drop and means for obsen^- 
ing said dropped liquid-drop by optically magnifying the 
image of it); an isolated space for accommodating saki 
substrate; means for introducing the objective gas to be 
evaluated into said isolated space: and means for eval- 
uating the atmosphere originated organic contamtnatk>n 
over the substrate surface in correspondence with the 
contact angle as measured. 

Also, it is preferable that the means for dropping liq- 
uid-drop and/or the substrate can be constituted fb rel- 
atively ntove to each other, thereby enabling the liquid- 
drop to be dropped to a desired dropping point on the 
substrate surface. Further, in the above evaluatbn ap- 
paratus, there may be provided means for generating 
ultraviolet raysjArtiich is accommodated in the isolated 
space and is for irradiating the substrate surface and 
means for introducing a cleaning gas containing at least 
oxygen into said isolated space. 

According to the founh aspect of the present inven- 
tion, there is provided a method for evaluating the at- 
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mosphere prtginaied organic contaminaljon. This meth- 
od comprising the steps of dropping a liquid-drop to at 
least one dropping point on the surface of the substrate 
accommodated in said isolated space, and measuring 
the contact angie of the dropped iiquid-drop; introducing 5 
ihe objective gas to be evaluated Into said isolated 
space, and exposing said substrate to said objective gas 
for a predetermined period of time: dropping another liq- 
uid-drop to at least another dropping point, vvhich is dif- 
ferent from said previous dropping point, on the sub- io 
strate surface exposed to the objective gas. and then, 
measuring the contact angle thereof ; and evaluating the 
atmosphere originated organic contamination over the 
substrate surface in correspondence with the change of 
• he contact angle as measured. ?5 

Also, the above evaluation method may additionally 
include the steps of introducing into said isolated space 
a cleaning gas containing at least oxygen after complet- 
ing evaluation of the atmosphere originated organic 
contamination, and irradiating said substrate surface 
wjth ultraviolet rays. Further, the above evaluation meth- 
od may include the step of purging the gas having ex- 
isted in said isolated space during the preceding step, 
before introducing the gas for the following step into said 
isolated space. 25 

The operation of the apparatus and method as con- 
stituted accoraing to the third and fourth aspects of the 
invention wili be described in the following. 

As shown in Fig. 9, the apparatus and method as 
constituted based on the third and fourth aspects of the 30 
invention make use of the phenomenon that when an 
ultra-pure waterdrop is dropped on the substrate sur- 
•'ace. the contact angle (a) of the waterdrop increases 
'n response to the increase of the quantity of organic 
contaminants over the substrate surface. Namely, the >j5 
siiicon wafer surface covered by an oxide film and the 
glass substrate surface, which are free from contamina- 
tion caused by the organic substances, are hydrophiiic 
so that the contact angle thereof becomes smaller. Con- 
trary to this, if they are contaminated with organic sub- 
stances, they becomes hydrophobic so that the contact 
angle thereof becomes larger. Since .his contact angle 
can be readily measured by optically magnifying the im- 
age of the waterdrop illuminated by the light source, the 
evaluation of contamination over the substrate surface -^5 
can be simply carried out at a lower cost in comparison 
with the evaluation by the XPS method. 

!n case of performing the evaluation, the substrate 
is set up inside the isolated space. In this case, the or- 
ganic substances have to be rennoved from the sub- 
strate surface in advance. Next, a liquid-drop (for in- 
stance, ultra-pure waterdrop) is dropped on the sub- 
strate surface by the means of dropoing the liquid-drop, 
which is for instance, a syringe arra- :ed above the sub- 
strate Then, the liquid-drop as dropped on the substrate 55 
surface :s illuminated by the light source, and the contact 
angle o; ihe liquid-drop on Ihe substrate surface imme- 
diately alter being rinsed is measured through the image 



of the liquid-drop magnified by a magnifying glass. 

After measuring the contact angle, the objective gas 
to be evaluated is introduced into said isolated space by 
the means for introducing the objective gas. In case of 
introducing the objective gas. two ways are available as 
previously described. Namely, one is to compulsively 
supply the objective gas to the isolated space by a gas 
supply means like an air pump, and the other is to nat- 
urally fill up the isolated space with the objective gas by 
opening an openable door in the atmosphere containing 
the objective gas, said door being arranged on the par- 
tition wall for separating the isolated space from the sur- 
rounding atmosphere. 

After exposing said substrate to said objective gas 
for a predetermined period of time, the isolated space 
is isolated from the circumferential atmosphere, and the 
substrate and/or the means for dropping the liquid-drop 
is relatively moved to each other in a horizontal plane, 
thereby dropping another liquid-drop on another drop- 
ping point of the substrate surface that is different from 
the point on which the preceding liquid-drops already 
exist. Next, the liquid-drop dropped on the substrate sur- 
face is illuminated by the light source, and the image of 
the Irquid-drop in the light is observed by the magnifying 
glass, thereby measuring the contact angle of the liquid- 
drop after exposure to the objective gas for a predeter- 
mined period of time. 

In this way, the degree of the atmosphere originated 
organic contamination over the semiconductor sub- 
strate and the glass substrate can be obtained by the 
evaluation means as a change rate of the contact angle 
of the dropped liquid-drop as measured after exposure 
to the objective gas to the contact angle of the dropped 
liquid-drop as measured immediately after rinsing the 
substrate. Further If the measurement of the contact an- 
gle is repeated, it can be known how the contact angle 
changes with passage of time by the atmosphere origi- 
nated organic contamination. Further, a period of time 
until the degree of atmosphere originated organic con- 
tamination exceeds a certain limit, namely the maximum 
allowable exposure time, can be known by measuring 
how much the contact angle after exposure to the clean 
room atmosphere for a certain constant time is in- 
creased from the contact angle as measured immedi- 
ately after rinsing the substrate. 

After finishing a series of measurements of'^'the 
change with passage of time as to the contact angte, the 
cleaning gas containing at least oxygen is introduced 
into the isolated space by the means for introducing the 
cleaning gas, and at the same time, the ultraviolet ray 
generating means like the ultraviolet lamp irradiates the 
substrate surface in order to carry out the ultraviolet/ 
ozone cleaning for decomposition and removal of the 
organic substances on the substrate. The ozone gas 
generated in the isolated space during the cleaning is 
property exhausted, and the evaluatksn apparatus 
comes to stand ready for pertorming the next measure- 
ment of the change with passage regarding Ihe contact 
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angle. 

3RIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram showing the appara- 
tus lor evaluating the atmospher originated organ- 
ic contamination over the substrate surface accord- 
ing to the first preferred embodiment of the present 
invention, 

Fig. 2(A) is a plan view showing the constitution of 
electrodes which are formed on the front surface of 
the substrate and made applicable to the first and 
second embodiments according to the invention. 
Fig. 2(B) is a plan view showing the constitution of 
electrodes which are formed on the back of the sub- 
strate and made applicable to the first and second 
embodiments according to the invention, 
Fig. 3 is a graph showing the relation of the increas- 
ing rate of surface resistivity to the time of exposing 
the glass substrate surface to the specific atmos- 
phere. 

Fig. 4 is a graph showing the relation of the increas- 
ing rate of surface resistivity to the quantity of or- 
ganic substances (ratio of carbon/silicon) adhered 
io the glass substrate surface. 
Fig. 5 is a schematic diagram showing the appara- 
tus for evaluating the atmosphere originated organ- 
ic contamination over the substrate surface accord- 
ing to the second preferred embodiment of the 
present invention. 

Fig. 6 is a schematic diagram showing the appara- 
tus for evaluating the atmosphere originated organ- 
ic contamination over the substrate surface accord- 
ing to the third preferred embodiment of the present 
invention. 

Fig. 7(A) is a perspective view for showing the re- 
lation between the base plate and the electrodes 
applicable to the third and fourth embodiments of 
the present invention, 

Fig. 7(B) is a diagrammatic representation showing 
the base plate getting in close contact with the elec- 
trodes applicable to the third and fourth embodi- 
ments of the present invention, 
Fig. 7(C) is a diagrammatic representation showing 
the base plate separating from the electrodes ap- 
plicable to the third and fourth embodiments of the 
present invention. 

Fig. 8 is a schematic diagram showing the appara- 
tus for evaluating the atmosphere originated organ- 
ic contamination over the substrate surface accord- 
ing to the fourth preferred embodiment of the 
present invention. 

Fig. 9 is an illustration for explaining the relation be- 
tween the liquid-drop and the contact angle in con- 
nection with the fifth and sixth embodiments of the 
present invention. 

Fig. 10 is a schematic diagram showing the appa- 
ratus for evaluating the atmosphere originated or- 



ganic contamination over the substrate surface ac- 
cording to the fifth preferred embodim nt of the 
pres nt invention. 

Fig. 1 1 is a graph showing the relation of the in- 
s creasing rate of contact angi to the time of expos- 
ing th glass substrate surface to the specific at- 
mosphere, 

Fig. 12 is a graph showing the relation of the In- 
creasing rate of contact angle to the quantity of or- 

10 ganic substances (ratio of carbon/silicon) adhered 
to the glass substrate surface. 
Fig. 1 3 is a schematic diagram showing the appa- 
ratus for evaluating the atmosphere originated or- 
ganic contamination over the substrate surface ac- 

is cording to the sixth preferred embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

20 

In reference with the accompanying drawings, the 
invention will now be described in detail in the following, 
in connection with several exemplary embodiments of 
the apparatus and method for evaluating the atmos- 
25 phere originated organic contamination over the sub- 
strate surface, which are constituted according to the 
present invention. 

{First Embodiment) 

30 

First, the invention will be described in detail in con- 
nection with the first embodiment thereof. Fig. 1 is a 
schematic constitutional view showing apparatus for 
evaluating the atmosphere originated organic contami- 

35 nation over the substrate surface according to the first 
embodiment of the invention. As shown in the figure, the 
apparatus is provided with an isolated space 102 isolat- 
ed from the outside. This isolated space 102 may be 
constituted as a chamber that is isolated from the out- 

40 side by means of partitions made of such a material as 
aluminum, for tnstarKre. In this isolated space 102, there 
is set up a glass substrate 104 (CORNING #7059, 
lOOxlOOmm^xl.imm*) having a clean surface 104a 
from which organic substances have been removed. 

45 The glass substrate 104 has a plurality of metal elec- 
trodes 106 for use in measuring the surface resistmty. 
which are formed on both front and back surfaces of the 
glass substrate by evaporation. Figs. 2(A) and 2(B) are 
schematic views showing the metal electrodes 106 

50 formed on the glass substrate 104 by evaporation. As 
shown in the figures, the metal electrodes 106 compris- 
es a first electrode 1 06a which Is formed, by evapora- 
tion, on the surface 1 04a of the glass substrate 1 04, hav- 
ing an almost circular shape placing its center at about 

55 the center of said surface 104a. a second electrode 
1 06b which is prepared In the annular form coaxially sur- 
rounding the first electrode 106a, and a grounding elec- 
trode 106c which is formed, by evaporation, on the back 
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surface i04b of the glass substrate 104, having an al- 
most circular shape. These electrodes 106 may be 
formed-by directly depositing, by evaporation, a conduc- 
rive material on the front and back surfaces I04a, I04b 
of the glass substrate 104. Also, these electrodes 106 s 
may be formed by first forming an insulating film over 
both front and back surface 1 04a, 1 04b of the glass sub- 
strate 104, for instance by using the plasma CVD meth- 
od, and then depositing the conductive material on the 
insulating film by using a sputtering apparatus. Further- ?o 
more, between the first and second electrodes 106a, 
1 06b. there are connected in series a power source 1 08 
and an ammeter 110 as well, thereby a surface resistiv- 
ity measuring device 1 1 2 (a rectangular pan surrounded 
by a dotted line In Fig. 1 ) being constituted. In Fig, 1 , the '5 
surface resistivity measuring device is illustrated as it rt 
had to be constitutedincluding the substrate 104 and a 
part of the isolated space 102. but it should be noted 
that this has been done just for readers* easy under- 
standing the constitution of the present embodiment, 
Accordingly, the surface resistivity measuring device 
11 2 is not limited to the described hereinabove, but may 
be of any type that can measure the electrical resistivity 
at least between two points on the surface of the sam- 
pling substrate 104. It should be also noted that the 2S 
glass substrate is being used as the sampling substrate 
1 04 in the present embodiment, but it is possible to use 
the other substrate as the sampling substrate in corre- 
spondence wjth an objective matter to be measured. For 
instance, a srilcon wafer on which an insulating layer is 30 
formed, may be used as the sampling substrate if elec- 
trodes 106 are arranged on its surface so as to consti- 
tute the surface resistivity measuring device 112. 

Further, the isolated space 102 is constituted in 
such a manner that the pressurized and purified air hav- 35 
!ng the humidity regulated by a humidifier 114 can be 
introduced therein through a gas supply valve VI . that 
the oxygen gas can be introduced therein through a gas 
supply valve V2 from an oxygen cylinder 116, and fur- 
ther, that the objective atmosphere to be evaluated can -^o 
be introduced through a gas supply valve V3. Still fur- 
ther, the Isolated space 102 is connected with ex- 
haust valve V4 communicating with a humidity sensor 
1 1 8, another exhaust valve V5 communicating with an 
exhaust pump 120. and still another exhaust valve V6 
communicating with an air pump 1 22. respectively. The 
information on the relative humidity detected by the hu- 
midity sensor 1 1 8 is transmitted to a controller 1 24 which 
in turn performs the feedback control of the humidifier 
1 1 4 in correspondence with the value of the relative hu- 50 
midity as detected by said humidity sensor. In the upper 
potion of the isolated space 102. there is disposed an 
ultraviolet lamp 126 which emits ultraviolet rays to irra- 
diate the surface 104a of the glass substrate 104. 

In order to measure the surface resistivity of the ss 
glass substrate immediately after rinsing it. valves V2. 
V5, V3. and V6 are closed while valves VI and V4 are 
opened, and the pressurized humidity rcqulaied gas 



which is controlled to have a predetermined relative hu- 
midity, is introduced into the isolated space 102. The 
pressurized humidity regulated gas can b produced by 
using a so-called flow distribution method i. . by supply- 
ing the pressurized and purified air to the humkiifier 1 1 4. 
The flow quantity distributed to the humidifier 114 is 
feedback controlled with the help of the humidity sensor 
118 and the controller 124 which are disposed at the 
outlet side of the humidity regulated gas, so as to main- 
tain the relative humidity in the isolated space 102 at a 
predetenmined constant level. After the relative humkJity 
in the isolated space 1 02 has reached a predetermined 
level, the voltage is applied to the electrode 106 for 
measuring the surface resistivity, thereby the initial sur- 
face resistivity (Rsi) of the clean glass substrate being 
measured by the surface resistivity measuring devic 
112. 

Since the surface resistivity of the substrate can b 
defined as the resistance per unit area (sheet resistivi- 
ty), this is equivalent to the resistance per square meter 
of the material. Accordingly, the sheet resistivity (p) can 
be calculated from the following expression (1). 



(1) 



where p : sheet resistivity (Q) 

c circumferential length (mm) 

d : gap (mm) 

H : sheet resistivity as measured 

When using the dimension of the electrodes as 
shown in Fig. 2a, the expression (1 ) can be rewritten as 
the following expression (2). 



(2) 



where 

03 : 



outer diameter of electrode 106a (mm) 
inner diameter of electrode 106b (mm) 



Next, the objective atmosphere to be evaluated is 
sucked in the isolated space 102 by closing valves VI. 
V4, opening valves V3. VS. and operating the air pump 
122. Then, the surface 104a of the glass substrate 104 
is exposed to said objective atmosphere for a predeter- 
mined period of time. After completing the exposure of 
the substrate surface, valves V3, V6 are closed while 
valves VI . V4 are opened. Then, the controller 124 op- 
erates to return the relative humidity in the isolated 
space 102 to-a predetermined relative humidity (sub- 
stantially equal to the relative humkjity at which the sur- 
face resistivity of the substrate was measured immedi- 
ately after rinsing it). Then, the surface resistivity (Rsf) 
of the substrate surface is measured by the surface re- 
sistivity measuring device 112. Accordingly, if the meas- 
urement of the surface resistivity (Rsf) is repeated at 
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regular intervals in the way as described above, il is pos- 
sibl to pursue or monitor the change with passage of 
tinne in respect of the quantity of organic contaminants 
on the clean substrate surface. 

As described hereinbefore, the isolated space 102 s 
is provided with the ultraviolet (UV) lamp 1 26. After a 
series of measurements of the change with passage of 
time in respect of the surface resistivity are finished, 
valves VI , V4, V3, and V6 are closed while valves V2 
and V5 are opened in order to supply the pressurized 
oxygen gas from the oxygen cylinder 116 to the isolated 
space 102. At the same time, the surface 104a of the 
substrate 104 is irradiated with UV rays from the UV 
lamp, thereby the organic contaminants deposited on 
the surface 104a being decomposed and removed by 
the so-called UV rays/ozone cleaning. After this UV 
rays/ozone cleaning, the valve V2 is closed while the 
valve VI is opened keeping the valve V5 opened. Then, 
the exhaust pump 1 20 is driven to replace the gas in the 
isolated space 102 with the purified air. exhausting the 
ozone gas generated in the isolated space 102 during 
the UV rays/ozone cleaning. In this way, the evaluation 
apparatus comes to be on standby for measuring the 
change with passage of time in respect of the surface 
resistivity of the next clean glass substrate. 

Fig. 3 is a graph showing the relation oetween in- 
creasing rate of the surface resistivity (Rsf/Rsi) and the 
exposure time of the substrate to the objective atmos- 
phere, the graph being prepared based on results of the 
surface resistivity measurement of the glass substrate 
according to the abovementioned measuring steps, us- 
ing the clean room air and the purified air (the air result- 
ing from removing the organic contaminants from the 
clean room air) as the objective atmosphere to be eval- 
uated. During this measurement, the relative humidity 
of the isolated space was maintained at 40%. As shown 
in this figure, in case of exposing the glass substrate to 
the clean room air, it is observed that its surface resis- 
tivity increases with passage of exposure time. Contrary 
to this, however, in case of exposing the same to the 
purified air, it is observed that its surface resistivity is 
hardly increased to the exposure time. 

Fig. 4 is a graph showing the relation between in- 
creasing rate of the surface resistivity (Rsf/Rsi) and 
quantity of organic contaminants (cart>on/silicon) de- 
posited on the substrate surface, the graph being pre- 
pared based on the measurement of the quantity of or- 
ganic contaminants deposited on the surface I04a of 
the substrate 104 by the XPS method. In this case, the 
relative humidity of the isolated space is maintained 
40% during the measurement of the surface resistivity. 
As shown in this figure, the surface resistivity increases 
corresponding to the increase in the quantity of organic 
contaminants. Accordingly, if this relation is made use 
of, it becomes possible to convert the measured value 
of the increasing rate of the surface resistivity into the 
quantity of the organic contaminants deposited on the 
glass substrate surface. For instance, if the glass sub- 



strate is exposed one by one to different various objec- 
tive atmospheres for a predetermined period of time, 
and then the increasing rate of th surface resistivity is 
measured, it can be known from th results ol respectiv 
measurements how much they contribute to contamina- 
tion of the substrate surface as th sources th reof. Al- 
so, if the identical glass substrate is kept in a specific 
atmosphere and its surface resistivity is repeatedly 
measured at regular intervals, it can be monitored 
whether the atmosphere originated organic contamina- 
tion against the glass substrate surface is betow the al- 
lowable level or not. 

[Second Embodiment] 

The second embodiment of the invention will now 
be described in detail in the following. Fig. 5 is a sche- 
matic constitutional view showing the apparatus for 
evaluating the atmosphere originated organic contami- 
nation over the substrate surface. Regarding the con- 
stituents of the second embodiment shown in Fig. 5, 
which perform the substantially same functions as those 
of the first embodiment shown In Fig. 1 , like reference 
numerals are assigned thereto, and no explanation 
thereabout will be made for avoiding redundant repeti- 
tion thereof. 

The second embodiment is different from the first 
embodiment shown in Fig. 1 in the following point. 
Namely, the different point is that one of partitions sep- 
arating the isolated space 1 02 from the space surround- 
ing thereof is provided with an openable door 102a, so 
that the atmosphere of said space can naturally flow in 
the isolated space 102 to fill it up therewith when the 
door 1 02a is opened. In connection with provision of this 
door 102a, valves V3. V6 and the exhaust pump 122 are 
eliminated, and the UV lamp 126a is disposed on the 
side portion of the isolated space so that the UV lamp 
does not disturb the opening and shutting movement of 
the door 102a. In the first embodiment, since the objec- 
tive atmosphere to be evaluated can be compulsively 
supplied to the isolated space 1 02. the objective atmos- 
phere to be evaluated may be located rennote from the 
site where the isolated space 102 stands. For instance, 
the air in the storage room or chamber of materials to 
be kept clean, for instance silicon wafers and LCD glass 
substrates, can be introduced into the Isolated sp^e if 
there is provided the piping connecting therebetween. 
Contrary to this, according to the second embodiment, 
the objective atmosphere to be evaluated has to be the 
atmosphere surrounding the isolated space. For in- 
stance, this corresponds to the case where the objective 
atmosphere is the clean room atnnosphere surrounding 
the isolated sp^ce. 

Next, it is explained how the atmosphere originated 
organic contamination is evaluated according to the 
second embodiment. 

First, there is provided an isolated space 102 sep- 
arated from the atmosphere surrounding thereof, and a 
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glass substrate 104 having the surface 104a which Is 
made free from the organic substances by rinsing the 
substrate, is disposed in the isolated space 102. Then, 
valves V1 , V4 are opened keeping valves V2, V5 closed, 
and the pressurized humidity regulated gas. of which the s 
relative humidity is controlled to be a predetermined val- 
ue by a humidifier 114, is introduced into the rsolated 
space 102 througn said humidifier. After the relative hu- 
midity in the isolated space 102 has reached sajd pre- 
determined value, the voltage is applied to the electrode w 
106 for measuring the surface resistivity, and the initial 
surface resistivity (Rsi) of the clean glass substrate is 
measured by a surface resistivity measuring device 1 1 2. 

Next, valves VI , V4 are closed while the door 1 02a 
is opened to fill up the isolated space 102 with the ob- is 
jectlve atmosphere to be evaluated, thereby exposing 
the surface I04a of the glass substrate 104 to the ob- 
jective atmosphere for a predetermined period of time. 
Immediately after completion of this exposure process, 
the door 102a is closed. Then, valves Vr, V4 are opened 
for recovering said predetermined relative humidity of 
the isolated space 102 (substantially equal to the rela- 
tive humidity at which the surface resistivity of the sub- 
strate was measured immediately after rinsing tt). After 
recovery of said relative humidity, the surface resistivity 2S 
(Rsf) is measured. In this manner, in the same way as 
has been done in connection with the first embodiment, 
the change with passage of time in respect of the quan- 
tity of organic contaminants deposited on the clean sub- 
strate surface I04a can be pursued or monitored by re- 30 
peating the measurement of the surface resistivity (Rsf) 
at regular intervals. The isolated space 102 is also pro- 
vided with the UV lamp 126a as in the case of the first 
embodiment. After completing a series of measure- 
ments of the change with passage of time in respect of 35 
the surface resistivity valves V1 , V4 and the ooor 1 02a 
are closed while valves V2. V5 are opened, ana then, 
the pressurized oxygen gas is supplied to the isolated 
space 102 from an oxygen cylinder 116. At the same 
time, the surface 104a of the substrate 1 04 is irradiated 
with UV rays, thereby the organic contaminants depos- 
ited on the surface I04a being decomposed and re- 
moved by means of the so-called UV rays/ozone clean- 
ing. At this time, in the same manner as in the case ol 
the first embodiment, the ozone gas generated in the ^5 
isolated space 102 is exhausted by an exhaust pump 
120. In this way. the evaluation apparatus comes to be 
in the standby position for measurement of the change 
with passage of time in respect of the surface resistivity 
of the next clean glass substrate. so 

[Third Embodiment) 

The third embodiment of the present invention will 
now be described in detail in the following fig. 6 is a ss 
schematic constitutional view showing the apparatus lor 
evaluating the atmosphere originated organic contami- 
nation. As to the constituents of the third omoodimcnt 



shown in Fig. 6, which perform the substantially same 
functions as those of the first and second embodiments, 
like reference numerals are assigned to them, and no 
explanation thereabout will be made for avoiding redun- 
dant repetition thereof. 

The third embodiment is different from the first and 
second embodiments in the following point. Namely, in- 
stead of forming the first and second electrodes 106a 
and 1 06b on the surface 104a of a glass substrate 104. 
the first and second electrodes 106a'. I06b* are dis- 
posed on the surface 1 28a of a base plate 1 28 arranged 
opposing to the surface 1 04a of the glass substrate 1 04. 
As shown In Fig. 7(A). the first electrode 106a' having 
an almost circular shape is formed almost at the center 
of the opposing surface 1 28a of the base plate 1 28 while 
the second electrode 106b* is prepared in the annular 
form coaxially surrounding the first electrode 106a*. Ac- 
cordingly, if the opposing surface 1 28a of the base plate 
128 is viewed from the glass substrate side, there will 
be seen such an electrode arrangement that is equiva- 
lent to what is shown in Fig. 2(A). The first and second 
electrodes are connected with the surface resistivity 
measuring device (not shown). In the same manner as 
in the first and second embodiments, an electrode 106c' 
of an almost circular shape is formed on the back sur- 
face 104b of the glass substrate 104 (see Fig. 2(B)). 

A rod 1 28b is firmly fitted on the upper surface of 
the base plate 1 28 and is connected with a not shown 
driving mechanism, thereby enabling the base plate 128 
to move back and forth with respect to the surface 104a 
of the glass substrate 104. In the first and second em- 
bodiment as explained in the above, the glass substrate 
104 may be just placed in the isolated space 102 and it 
is not always necessary for the glass substrate to be at 
a specific fixed place within the isolated space. In the 
third embodiment, however, as will be described later it 
is needed to bring the opposing surface 1 28a of the base 
plate 1 28 Into contact with the surface 1 04a of the glass 
substrate 104 when measuring the surface resistivity, 
so that the glass substrate 104 has to be mounted on a 
stage 1 30 so as to receive a pushing force applied by 
the base plate. 

Next, there will be explained about how to evaluate 
the atmosphere originated organic contamination over 
the substrate surface according to the third embodi- 
ment. 

First, there is mounted on the stage 1 30 of the iso- 
lated space 102 the glass substrate 104 having the 
clean surface 104a that is made free from the organk: 
substances by rinsing it. Then, valves VI, V4 are 
opened keeping vafves V2 and V5 closed, and the pres- 
surized humidity regulated gas of which the relative hu- 
midity is controlled to have a predetermined value by a 
humidifier 114 is supplied to the isolated space 102 
through said humidifier. After the relative humidity in the 
isolated space has reached said predetermined value, 
the base plate 128 resting above the surface I04a of 
the glass substrate 104 (Fig. 7(C)) is moved downward 
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•o bring the first and second electrodes I06a*. 106b* 
formed on its surface I28a into cfose contact with the 
opposing surface 104a of the glass substrat 104 (Fig. 
7(B)). Then, the voftage is applied across the first and 
second electrodes 106a*, 106b'. thereby measuring the 
initial surface resistivity (Rsi) of th clean glass sub- 
strate by means of a not shown surface resistivity meas- 
uring device. 

Next, the base plate 128 Is moved upward to ex- 
pose the surface 104a of the substrate 104 to the at- 
mosphere of the isolated space 102, and at the same 
time, valves VI. V4 are closed while valves V3 and V6 
are opened, and then, the objective atmosphere to be 
evaluated is sucked into the isolated space 102 by op- 
erating an air pump 122, thereby exposing the surface 
104a of the glass substrate 104 to the objective atmos- 
phere for a predetermined period of time. After comple- 
tion of this exposure process, valves V3. V6 are closed 
while valves VI. V4 are opened. The relative humidity 
of the isolated space 102 is made to again return to the 
predetermined relative humidity (substantially equal to 
the relative humidity at which the surface resistivity of 
the substrate was measured immediately after rinsing 
it) with the help of the controller 124. Then, the base 
plate 1 28 is again moved downward to bring the first and 
second electrodes 106a' and 106b' into close contact 
with the surface 106 of the glass substrate 104. Then, 
the surface resistivity (Rsf) is measured by means of 
said not shown surface resistivity measuring device. In 
such a manner as described above, the change with 
passage of time In respect of the quantity of organic con- 
taminants on the clean substrate surface can be pur- 
sued or monitored by repeating the measurement of the 
surface resistivity (Rsf) at regular intewals. 

The isolated space 102 is provided with a UV lamp 
1 26a installed on the side partition wall in the same man- 
ner as in the case of the second embodiment. After a 
series of measurements of the change with passage of 
time In respect of the surface resistivity is finished, 
valves VI. V4. V3. V6 are closed while valves V2. V5 
are opened to supply the pressurized oxygen gas to the 
isolated space 102 from an oxygen cylinder 116. At the 
same time, the surface 104a of the substrate 104 is ir- 
radiated with UV rays from said UV lamp, thereby the 
organic contaminants deposited on the surface l04a 
being decomposed and removed through the so-called 
U V rays/ozone cleaning. After this UV rays/ozone dean- 
ing. the valve V2 is closed while the valve VI is opened 
keeping the valve V5 opened. Then, the inside of the 
isolated space 102 is made to replace with the purified 
air. exhausting the o^one gas generated in the isolated 
space 102 during sakl UV rays/ozone cleaning by oper- 
ating an exhaust pump 120. In this way. the evaluation 
apparatus gets in the standby position for measurement 
of the change with passage of time in respect of surface 
resistivity of the next clean glass substrate. 



[Fourth Embodiment) 

Next, the fourth embodiment as shown in Fig. 8 will 
be described in the following. In this fourth embodiment. 
5 Its constituents which p rform the substantially same 
functions as those of th first through third embodi- 
ments, are given like reference numerals, and no expla- 
nation thereabout will be made for avoiding redundant 
repetition thereof. This fourth embodiment is achieved 
by applying the constitution of the third embodiment to 
the isolated space 102 having the openable door 102a 
as described in the second embodiment. Accordingly, in 
the same manner as in the case of the second embod- 
iment, if the door 102a is opened, the atmosphere sur- 
rounding the isolated space 102 can naturally flow into 
the isolated space to fill up its inside therewith. There- 
tore, to be different from the third embodiment, there dis- 
appear the valves V3, V6 and the exhaust pump 1 22 of 
the third embodiment. A UV lamps 126a is disposed on 
the side portion of the isolated space not so as to disturb 
the opening and shutting movement of the door I02a. 

Next, there will be explained about how to evaluate 
the atnrK>sphere originated organic contamination over 
the substrate surface according to the fourth embodi- 
ment. 

First, there is mounted on the stage 1 30 located in 
the isolated space 102 the glass substrate 104 having 
the clean surface 104a which is made free from the or- 
ganic substances by rinsing. Then, valves VI , V4 are 
opened keeping valves V2, V5 closed, and the pressu- 
rized humidity regulated gas which Is controlled so as 
to have a predetermined relative humidity by a humidi- 
fier 114, is supplied to the isolated space 102 through 
said humidifier. After the humidity Inside the isolated 
space has reached said predetermined relative humid- 
ity, a base plate 1 28 is moved downward to bring the 
first and second electrodes 106a' and 106b' into close 
contact with the surface 1 04a of the glass substrate 1 04. 
Then, the voltage is applied across the first and second 
electrodes 106a' and 106b', thereby measuring the ini- 
tial surface resistivity (Rsi) of the clean glass substrate 
by means of a not shown surface resistivity measuring 
device. 

Next, the base plate 128 is lifted upward to expose 
the surface I04a of the substrate 1 04 to the atmosphere 
in the isolated space 102 and at the same time, valves 
VI and V4 are closed while the door 102a is opened to 
fill up the Isolated space 102 wAh the objective atmos- 
phere to be evaluated, thereby exposing the surface 
104a of the glass substrate 104 to the objective atmos- 
phere for a predetermined period of time. After comple- 
tion of this exposure process, the door 102a is ck>sed 
while valves VJ. and V4 are opened. The relative humid- 
ity of the isolated space 102 Is made to again return to 
the predetermined relative humidity (substantially equal 
to the relative humidity at which the surface resistivity 
of the substrate was measured immediately after rinsing 
il). Then, the base plate 128 is again moved downward 
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:o bring the first and second electrodes 106a' and 106b* 
into close contact with the surface 1 04a of the glass sub- 
strate 104, Then, the voltage is applied across the elec- 
trodes, and the surface resistivity (Rsf) of the substrate 
104 having been exposed to the objective atmosphere s 
is measured by means of a not shown surface resistivity 
measuring device. 

In the same manner as described in the preceding 
smboaiments, the change with passage of time in re- 
spect of the quantity of organic contaminants on the io 
clean substrate surface can be pursued or monitored by 
repeating the measurement of the surface resistivity 
(Rsf) at regular Intervals. The isolated space 102 is pro- 
vided with the UV lamp 126a like the preceding embod- 
iments. After a series of measurements of the change ^5 
with passage of time in the surface resistivity are fin- 
ished and the base plate 1 28 is lifted up, valves VI , V4 
and the door I02a are closed while valves V2 and V5 
are opened so as to supply the pressurized oxygen to 
the isolated space 102 from an oxygen cylinder 116. At 20 
the same time, the surface 104a of the substrate 104 is 
irradiated with UV rays, thereby the organic contami- 
nants deposited on the surface 1 04a being decomposed 
and removed by means of the so-called UV rays/ozone 
cleaning. At this time, in the same way as in the case of 2S 
the preceding embodiments, the ozone gas generated 
in the isolated space is exhausted by an exhaust pump 
120. In this way, the evaluation apparatus comes to 
stand ready to measuring the change with passage of 
time in respect of the surface resistivity of the next clean 30 
glass substrate. 

[Fifth Embodiment] 

Next, there will be explained referring 10 Fig. 10 the ^5 
method and apparatus for evaluating the atmosphere 
originated organic contamination over the substrate sur- 
face according to the fifth embodiment of the present 
invention. The apparatus is provided with an isolated 
space 202 as in the preceding embodiments. This iso- -^o 
I'ated space 202 can be constituted as a chamber which 
:s isolated from the atmosphere surrounding it by means 
of partitions made of such a material as aluminum, for 
instance. In this isolated space 202. there is provided a 
stage 204 for receiving on it a glass substrate 206 hav- 
ing a clean glass surface 206a from which organic sub- 
stances have been removed. Above the glass substrate 
206, there is provided a syringe 208 for dropping an ul- 
tra-pure waterdrop 207 shown in Fig. 9 on the glass sur- 
face 206a. The stage 204 is associated with a transfer so 
mechanism (not shown) capable of making the stage 
204 rotate and/or parallelly transfer in a horizontal 
plane, so that there can be vaned the dropping point of 
the waterdrop 207 dropped from the syringe 208 to the 
glass substrate 206. 55 

Further, a pair of opposing panittons of the isolated 
space 202 are provided with observation window 210a. 
210b by one each. On ihc outside of one observation 



window 210a, there is provided a light source 212 for 
illuminating th waterdrop 207 dropped on the glass 
substrate 206 while on the outsid of the other obser- 
vation window 2 1 0b, ther is provided means for enlarg- 
ing an imag 214, for instanc a microscop or a mag- 
nifying glass for observing and measuring the image of 
the waterdrop by enlarging it. Accordingly, a contact an- 
gle a of the waterdrop on the substrate surface can be 
measured by illuminating the waterdrop 207 dropped on 
the substrate 206 and observing it with the help of the 
magnifying glass 214. 

It is made possible to introduce into the isolated 
space 202 a cleaning gas containing at least oxygen 
supplied from a cylinder 21 4 through a gas supply valve 
V1 1 and also the objective atmosphere to be evaluated 
can be introduced into the isolated space through a gas 
supply valve VI 2. The Isolated space 202 is further con- 
nected with an exhaust valve VI 3 communicating with 
an exhaust pump 216 for exhausting the cleaning gas, 
and still further connected with an exhaust valve VI 4 
communicating with an air pump 218 for exhausting the 
objective atmosphere. Also, there is provkied on the up- 
per portion of the isolated space 202 a UV 220 for irra- 
diating the surface 206a of the glass substrate 206 with 
UV rays at the time of rinsing the substrate. 

Next, there will be explained about how to evaluate 
the atmosphere originated organic contamination over 
the substrate surface by means of the evaluation appa- 
ratus as described above. 

First, as to the clean substrate immediately after 
rinsing it, the measurement of the contact angle is car- 
ried out by using the nnagnifying glass 214. After this, 
valves VII. VI 3 are closed while valves VI 2. VI 4 are 
opened, thereby introducing the objective atmosphere 
into the isolated space 202 by operating the air pump 
218. Then, after exposing the surface 206a of the sub- 
strate 206 to the objective atmosphere for a predeter- 
mined perkxl of time and measuring the contact angle 
of the waterdrop at that time, the stage 204 is driven to 
transfer the substrate 206 mounted thereon in a hori- 
zontal plane. As described above, the present embodi- 
ment .s constituted in such a manner that the stage 204 
is driven, but it may be constituted in such a manner that 
the syringe 208 can be transfer in a horizontal plane 
keeping the substrate 206 (stage 204) standing still. In 
short, when there is finished the measurement of the 
contact angle about one waterdrop dropped at one drop- 
ping point on the substrate surface, the stage 204 or the 
syringe 208 Is turned or horizontally transferred to re- 
ceive another waterdrop at another dropping point on 
the substrate surface that has never received any wa- 
terdrop so far.^nd then, the next measurement of the 
contact angle is carried out about another waterdrop. In 
this manner, if the measurement of the contact angle is 
repeated at regular intervals, there can be pursued or 
monitored the change with passage of time in respect 
of the quantity of organic contaminants on the substrate 
surface. 
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After a series of measurements of the change with 
passage of time in respect of the contact angle are fin- 
ished, valves VI 2. VI 4 are closed while valves V1 1 . VI 3 
are opened in order to introduce the cleaning gas con- 
taining at least oxygen supplied from the cylinder 214 
into the isolated space 202. Further, the surface 206a 
of the substrate 206 is irradiated with UV rays from the 
UV lamp 220, thereby the organic contaminants depos- 
ited on the surface 206a being decomposed and re- 
moved by means of the so-called U V rays/ozone clean- 
ing. After this UV rays/ozone cleaning, the valve 11 Is 
closed while the valve 12 is opened keeping the valve 
VI 3 opened for expelling the ozone gas generated in 
the isolated space 202 at the time of cleaning thereof in 
order to replace it with the objective atmosphere. In this 
way, the evaluation apparatus comes to be stand ready 
to measure the change with passage of time with regard 
to the contact angle of the waterdrop dropped on xhe 
next clean glass substrate. 

Fig. 11 is a graph showing the relation between the 
time of exposing the substrate to the objective atmos- 
phere and the contact angle, which has been obtained 
through the measurements of the contact angle. In 
these measurements, the glass substrates (CORNING 
#7059. 1 00x1 OOmm^xl. 1mm*) were used as sampling 
substrates while the clean room air and the purified air 
(resulting from removing the organic contaminants from 
the clean room air) were used as the objective atmos- 
phere to be evaluated. As will been seen from the graph, 
in case of exposing the glass substrate to the clean room 
air, the contact angle increases with passage of expo- 
sure time. On the other hand, in case of exposing the 
same to the purified air, the contact angle is hardly in- 
creased. Fig. 12 is a graph showing relation between 
the contact angle and the organic contaminant quantity 
(carbon/silicon) deposited on said CORNI NG glass sub- 
strate, which has been measured by the XPS method. 
As shown in this graph, the contact angle increases cor- 
responding to the increase in the quantity of organic 
contaminants deposited on the glass substrate (carbon 
/silicon), so that if the relation of Fig. 12 is made use of, 
it becomes possible to convert the measured value of 
the contact angle increasing rate into the quantity of the 
organic contaminants deposited on the glass substrate 
surface. For instance, if the glass substrate is exposed 
one by one to different objective atmospheres for a pre- 
determined period of time and then the increasing rate 
of the contact angle is measured, it can be known from 
the results of respective measurements how much they 
contribute to contamination of the substrate surface as 
the sources thereof. Also, if the identical glass substrate 
is kept in a specific atmosphere and its contact angle is 
repeatedly measured at regular intervals, it can be con- 
tinuously monitored whether the atmosphere originated 
organic contamination against the glass substrate sur- 
face is kept below the allowable level or not. 



(Sixth Embodiment) 

The sixth embodiment of the invention will now be 
described in detail in the following. Fig. 13 is a schematic 
5 constitutional view of the apparatus for evaluating the 
atmosphere originated organic contamination over sub- 
strate surface contamination. With regard to the constit- 
uents of the sixth embodiment shown in Fig. 1 3, which 
perform the substantially same functions as those of the 
fifth embodiment shown in Fig. 1 0. like reference numer- 
als are assigned thereto, and no explanation thereabout 
will be made for avoiding redundant repetition thereof. 

The sixth embodiment is different from the fifth em- 
bodiment shown in Fig. 10 in the following point. Name- 
ly, the sixth embodiment is constituted in such a manner 
that the partition for separating the isolated space 202 
from the atmosphere surrounding it Is provided with an 
openable door 202a. so that the atmosphere can natu- 
rally flow into the isolated space 202 to fill it up therewith 
when the door 202a Is opened. In connection with pro- 
vision of this door 202a, valves VI 2, VI 4 and the ex- 
haust pump 21 8 are removed while a bypass valve VI 5 
is added for introducing the atmosphere into the isolated 
space 202. In the fifth embodiment, the objective atmos- 
phere to be evaluated is compulsively supplied to the 
Isolated space 202. so that the objective atmosphere 
may exist remote from the site at which the isolated 
space 202 is located. For instance, the air in the storage 
room or chamber of materials like silicon wafers and 
LCD glass substrates, can be introduced into the isolat- 
ed space, if providing the piping connecting therebe- 
tween. Contrary to this, according to the sixth embodi- 
ment, the objective atmosphere to be evaluated has to 
be the atmosphere surrounding the isolated space. For 
instance, this is the case that the objective atmosphere 
is the atmosphere of the clean room. 

Next, there will be explained about how to evaluate 
the atmosphere originated organic contamination over 
substrate surface according to the sixth embodiment. 

First, a substrate 206 is mounted on a stage 204 
arranged in the isolated space 202 isolated from the at- 
mosphere surrounding it, the surface 206a of said sub- 
strate being made free from organic substances by 
cleaning. A syrvige 208 is provided above the glass sub- 
strate 206 in order to drop an ultra-pure waterdrop 207 
on the surface 206a of the glass substrate 208. The 
stage 204 is associated with a transfer mechanism "(not 
shown) capable of making the stage 204 rotate and/or 
paralielly transfer in a horizontal plane, in order to vary 
the dropping point of the waterdrop 207 to be dropped 
out of the syringe. First, a waterdrop 207 is dropped on 
the surface 206a of the glass substrate 206 immediately 
after rinsing and then, the contact angle (a) is measured 
by a magnifying glass 214. illuminating the waterdrop 
with the light from a lighting source 212. After the meas- 
urement of the contact angle, the door 202a is opened, 
ihereby the isolated space 202 being naturally filled up 
with the objective atmosphere. The change with pas- 
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sage of time in regard to the quantity of the organic con- 
taminants deposited on the glass substrate can be pur- 
sued or monitored by repeating the measurement of the 
contact angle (a) at regular intervals. The Isolated space 
202 is provided with the U V lamp 220. so that after com- 
pleting a series of measurements of the change with 
passage of time in regard to the contact angle, the door 
202a is closed while valves V11 . V1 3 are opened to in- 
troduce the cleaning gas containing at least oxygen sup- 
plied from the cylinder 214 into the isolated space 202. 
At the same time, the surface 206a of the substrate 206 
is irradiated with UV rays, thereby the organic contam- 
inants deposited on the surface being decomposed and 
removed by means of the so-called UV rays/ozone 
cleaning. After this UV rays/ozone cleaning, the valve 
1 1 is closed while the bypass valve 15 is opened keep- 
ing the valve V13 opened for expelling the ozone gas 
generated in the isolated space 202 at the lime of clean- 
ing thereof by operating the exhausting pump 216. re- 
placing the ozone gas with the objective atmosphere. In 
this way. the evaluation apparatus enters in the state 
standing ready for the measurement of the change with 
passage of time in respect of the contact angle of the 
waterdrop dropped on the next clean glass substrate. 

According to the present invention as explained in 
the above in connection with several embodiments 
thereof, the degree of the atmosphere originated organ- 
ic contamination over a substrate made of silicon, glass, 
and so forth, can be evaluated by measuring the change 
with passage of time in respect of the surface resistivity 20 
o\ the insulating surface of the substrate, or by measur- 
ng the change with passage of time in regard to the con- 
tact angle of the waterdrop dropped on the surface of 
the substrate. Namely, according to the present inven- 
tion, by evaluating the increasing quantity of the surface 3S 
resistivity or the contact angle as to the substrate sur- 
face after being exposed to the clean room atmosphere 
in view of the initial value thereof as measured using the 
clean substrate surface immediately after rinsing it. it be- 
comes possible to judge the allowable exposure period '^o 
of time beyond which the atmosphere originated organic 
contamination exceeds"^ certain limit, in other words, 
the so-called maximum allowable exposure time indic- 
ative of the time limit that the substrate is able to stand 
against the exposure to the clean room atmosphere ^5 
without inviting any irreparable damage. 

Especially, in the manufacturing process of semi- 
conductor devices and LCD products, the clean sub- 
strate surface immediately after having been treated in 
one film formation process by sputtering or plasma so 
CVD. can not but be exposed to the clean room atmos- 
pnere while it is transferred to the other film formation 
process. Accordingly, if there can be known by the 
present invention the maximum allowable exposure 
time for which the clean substrate is allowed to be ex- ss 
posed to the clean room atmosphere, the following 
countermeasures may be taken: 1 ) trying to transfer the 
clean substrate to the next film formation process within 



the maximum alkjwable exposure time, 2) in case the 
substrate happens to be exposed to the clean room at- 
mosphere exceeding the maximum allowable exposure 
time, trying to rinse it again, and 3) in case the progress 
s of the production is impeded with too short maximum 
allowable exposure time as determined for the time, try- 
ing to extend the maximum allowable exposure time by 
filtering the organic contaminants in the clean room at- 
mosphere with an active carbon filter or the like to lower 
► the concentration of airborne contaminants or organic 
substances. 

Needless to say. the present invention is not limited 
to the preferable embodiments as described above, and 
it is understood that variations and modifications may 
be made by anyone skilled in the art within the scope of 
technological concept as recited in the attached claims 
for patent, but as a matter of course, those should be- 
long to the technological scope according to the present 
invention. 

For instance, in the above preferable embodiments, 
the invention is described in connection with the case 
where the glass substrate is used for the purpose of 
sampling the atmosphere originated organic contami- 
nants. Needless to say. however, it Is possible to use 
various types of substrates other than the glass sub- 
strate as a sampling substrate, for instance a silicon wa- 
fer or the others that are actually used in the production 
process. In case of evaluating the atmosphere originat- 
ed organic contamination based on the change in the 
surface resistivity, the surface of the sampling substrate 
has to be dielectric, but it Is not always necessary for 
the substrate surface to be dielectric in case of using the 
contact angle for evaluation of the contamination, thus 
the invention being applicable to the sampling substrate 
having a conductive surface. 

Furthermore, the isolated space may be the space 
that is just isolated from the atmosphere surrounding it, 
so that it is of course possible to constitute the isolated 
space apart from the production line set up in the clean 
room in such a manner that the objective clean room 
atmosphere can be introduced into the isolated space 
through the piping connecting it with the clean rooi.., or 
to dispose the Isolated space having an openable door 
directly In the clean room to introduce the objective 
clean room atmosphere thereinto through the openable 
door. ' 

Although the ultraviolet lamp is installed inside the 
isolated space in the above embodiments, it is possible 
to dispose it outside the isolated space and to irradiate 
the substrate with ultraviolet rays by means of a suitable 
optical system. 

Furthermore, as to the surface resistivity measuring 
device and the contact angle measuring devk:e. only an 
example is described in the above. Accordingly, it is un- 
derstood that variations and modifications may be made 
by anyone skilled in the art without departing from the 
gist of the present invention. 

As has been discussed above, according to the 
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present invention, the atmosphere originated organic 
contamination on the semiconductor substrate, the 
glass substrat , and so forth, can be readily evaluated 
by using commercial and economical measurement in- 
strument lik the surfac resistivity measuring device s 
and the contact angle measuring device. 

Further, according to the present invention, the con- 
tamination by organic substances can be evaluated at 
the same place as the sampling substrate exposed to 
the objective atmosphere is collected, so that the degree io 
of the atmosphere originated organic contamination is 
judged just at the production site of the semiconductor 
substrate or the glass substrate, thus it being possible 
to constitute an evaluation system suitable for the in-line 
analysis. 

Still further, according to the present invention, by 
properly carrying out the evaluation of the atmosphere 
originated organic contamination over the substrate sur- 
face, it becomes possible not only to enhance the 
throughput in the production process by reducing the 20 
number of unnecessary process ot rinsing the substrate, 
but also to increase the production yield by rinsing the 
substrate upon need and/or by removing organic sub- 
stances from the atmosphere by filtration. 



Claims 

1 . Apparatus for evaluating the atmosphere originated 
organic contamination over a substrate surface, 30 
characterized in that there are provided a substrate, 

at least the surface of which is dielectric: a surface 
resistivity measuring device for measuring an elec- 
tric resistance between at least two points on said 
substrate surface; an isolated space for accommo- 3S 
dating said substrate; means for introducing a hu- 
midity regulated gas into said isolated space, said 
humidity regulated gas having a substantially con- 
stant relative humidity; means for introducing the 
objective atmosphere to be evaluated into said iso- ^^o 
lated space: and means for evaluating the atmos- 
phere originated organic contamination over the 
substrate surface in correspondence with the sur- 
face resistivity as measured by said surface resis- 
tivity measuring device. 

2. Apparatus as claimed in claim 1 wherein said sur- 
face resistivity measuring device includes a plurality 
of conductive electrodes which are formed so as to 
closely get in contact with the dielectric surface of so 
said substrate. 

3. Apparatus as claimed in claim 1 wherein said sur- 
face resistivity measuring device includes a plurality 

of conductive electrodes which are movably formed ss 
so as to get in contact with and move away from the 
dielectric surface of said substrate. 



4. Apparatus as claimed in any one of claim 1 to 3 
wherein there are further provided means for gen- 
erating ultraviolet rays by which said substrate ac- 
commodated in said isolated space can be irradiat- 
ed, and means for introducing a cleaning gas con- 
taining at least oxygen into said isolated space. 

5. Apparatus as claimed in any one of claim 1 to 41 
wherein said humidity regulated gas is an inert gas 
and/or purified air. 

6. A method for evaluating the atmosphere originated 
organic contamination over a substrate surface, 
characterized in that a humidity regulated gas hav- 
ing a predetermined relative humidity is introduced 
into an isolated space accommodating a substrate, 
at least the surface of which is dielectric in order to 
measure a surface resistivity between at least two 
points on said substrate surface, an objective at- 
mosphere to be evaluated is introduced into said 
isolated space, thereby said substrate being ex- 
posed to said objective atmosphere for a predeter- 
mined period of time, and a humidity regulated gas 
having the substantially same relative humidity as 
said predetermined relative humidity is introduced 
into said isolated space in order to measure the sur- 
face resistivity between at least two points on said 
substrate surface having been exposed to the ob- 
jective atnrx^sphere. 

whereby the atmosphere origi.nated organic 
contamination over the substrate surface is evalu- 
ated in correspondence with the change with pas- 
sage of time in respect of the surface resistivity as 
measured. 

7. A method as claimed in claim 6 wherein said humid- 
ity regulated gas is an inert gas and/or purified air. 

8. A method as claimed in claim 6 or 7 wherein a clean- 
ing gas containing at least oxygen is introduced into 
said isolated space after finishing evaluation of the 
atmosphere originated organic contamination and 
at the same time, said substrate surface is irradiat- 
ed with ultraviolet rays. 

9. A method as claimed in any one of claim 6 Jo 8 
wherein the gas having existed in said isolated 
space during the preceding step is purged before 
introducing the gas for the following step is intro- 
duced into said Isolated space. 

1 0. Apparatus for evaluating the atmosphere originated 
organic contamination over a substrate surface, 
characterized in that there are provided a substrate; 
means for dropping a liquid-drop on the surface of 
the substrate; means for measuring the contact an- 
gle of said liquid-drop as dropped on said substrate; 
an isolated space for accommodating said sub- 
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slrate: means for introducing the objective atmos- 
chere to be evaluated into said isolated space; and 
means for evaluating the atmosphere orrginated or- 
ganic contamination over the substrate surface in 
correspondence with the contact angle as meas- 5 
'J red. 

11. Aoparatus as claimed in claim 10 wherein sard 
means for measuring the contact angle is constitut- 
ed with a light source for illuminating said liquid- w 
crop as dropped on the substrate, and means for 
optically magnifying the image of said liquid-drop 
dropped on said substrate. 

12. Apparatus as claimed in claim 10 or 11 wherein the is 
dropping point of the liquid-drop dropped by said liq- 
uid-drop dropping means is made relatively trans- 
ferable to the surtace of the substrate. 

13. Apparatus as clainried in any one of claim 10 to 12 20 
'.vherein there are further provided means for gen- 
erating an ultraviolet rays by which the substrate is 
irradiated, and means for introducing into said iso- 
lated space a cleaning gas containing at least oxy- 
gen. 25 

1 4. A method for evaluating the atmosphere originated 
organic contamination over a substrate surface, 
characterized in that a liquid-drop is dropped onto 

at least one point on the surface of the substrate 30 
accommodated in said isolated space, and the con- 
tact angle of the dropped liquid -drop is measured, 
and an objective atmosphere to be evaluated is in- 
troduced into said isolated space, thereby said sub- 
strate being exposed to said objective atmosphere 3S 
for a predetermined period of time, and another liq- 
uid-drop is dropped onto at least one point different 
from said dropping point on the substrate surface 
which has been exposed to the objective atmos- 
phere, for measuring the contact angle thereof, 40 

whereby the atmosphere originated organic 
contamination over the substrate surtace is evalu- 
ated in correspondence with the change with pas- 
sage of lime in respect of the contact angle as 
measured. 45 

1 5. A method as claimed in claim 1 4 wherein a cleaning 
gas containing at least oxygen is introduced into 
said isolated space after completing evaluation of 

the atmosphere originated organic contamination so 
and at the same time, irradiating said substrate sur- 
face with ultraviolet rays. 

16. A method as claimed in claim 14 or 15 wherein the 
gas having existed in said Isolated space during the ss 
preceding step is purged before the gas for the fol- 
icwing step is introduced into said isolated space. 
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